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ABSTRACT
Until recently, research suggested that post-exercise stretching may reduce 
delayed onset muscle soreness (DOMS) in those who exercise; however, newer research 
indicates that stretching has no effect on DOMS. However, it appears that the effect of 
proprioceptive neuromuscular facilitation (PNF) stretching on preventing DOMS has not 
been adequately studied. The primary purpose of the study was to research the effect of 
PNF stretching on DOMS. The secondary purpose was to evaluate if one’s level of 
flexibility had a correlation with high levels of DOMS. The study was a posttest-only 
control group design. Participants were randomly assigned into a stretching group (PNF, 
static, control) after performing a DOMS inducing exercise. Participants then rated their 
soreness level on a pain scale (range 1-6) 24 and 48 (plus or minus 2 hours) hours after 
the DOMS inducing exercise. Flexibility also was measured to see if the participants, 
muscle range was correlated to DOMS. The main result showed that there was no 
difference between PNF stretching and reduced pain scores. Other results showed that 
there was a correlation between the 48 hour post-exercise pain score and pre-post 
flexibility change in the PNF stretch group (p<.01), a correlation between the 48 hour 
post-exercise pain score and pre-exercise stretch score overall (p<.05), and a correlation 
between the 48 hour post-exercise pain score and the post-exercise stretch score overall 
(p<.05). The results suggest that PNF stretches may have possibly placed a load on an 
already damaged muscle causing more strain on the trained muscle. Suggestions for 
future research include a pioionged study similar to this, assess ones DOMS level by
using biochemical markers, or use of vibration platform training with a stretching 
protocol.
\\
CHAPTER I
INTRODUCTION
There is often nothing more satisfying for those who exercise than completing a 
hard, intense workout; however, there may be nothing more annoying than the pain and 
stiffness that may follow the workout. It is believed by some that stretching after 
exercising will reduce the amount of soreness they may feel (Bobbert, Hollander, & 
Huijing (1986). There are many different types of stretches that individuals may perform 
to try to reduce muscle soreness.
Flexibility is one of the five major components of health-related fitness (Corbin & 
Lindsey, 2005). Stretching is often the most neglected component of exercise (Hedrick, 
1993). Proposed benefits of stretching include increasing muscular performance and an 
increased range of motion, reduction of injury, and stretching of tendons (Pollock et al.,
1998). Although these are great reasons for individuals to stretch, those who exercise 
often neglect flexibility and stretching. It may be that some people may not stretch 
because they believe that stretching is too time consuming and pointless (Hedrick, 1993). 
Others do not like the pulling and discomfort that occurs during stretching. In addition, 
stretching/flexibility are often not associated with exercise goals of most people (Hedrick. 
1993).
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Ii has been suggested that a general stretching program that exercises the major 
rnuscle/tendon groups should be developed using different types of stretching (Pollock et 
al., 1998). Generally, there are three major types of stretches: static, ballistic, and 
proprioceptive neuromuscular facilitation (PNF) (Pollock et al., 1998). All three types of 
stretches may be done actively (stretch agonist muscle with the antagonist muscle) or 
passively (assistance from other non-antagonist muscles, an assistant, or from an 
apparatus). PNF stretching is defined as alternating isometric contraction combined with 
passive stretching through a selected seres of motions (McAtee, 2007). The key point 
when performing PNF stretching is to pre-contract the muscle being stretched. An 
example of PNF stretching may include an individual holding another person’s leg 
perpendicular to the ground at which point he/she contacts the muscle for a short period 
of time.
Ballistic stretching involves repetitive bouncing motions where the muscle is 
rapidly stretched and immediately relaxed. It is important to know that ballistic stretching 
uses momentum to produce the stretch. There is concern that when one performs ballistic 
stretching, it may overstrain the muscle resulting in injury (Corbin & Lindsey, 2005).
Due to the possible muscular damage involved with ballistic stretching, some may not 
recommend that one performs ballistic stretching unless ballistic stretching is specific to 
the individuals exercise regimen (Corbin & Lindsey, 2005).
Static stretches are done actively and passively. It is important to know that static 
stretches should be held for ten to thirty seconds (Pollock ct al., 1998). About four 
repetitions per muscle group should be completed for a minimum of two to three days per
week for sta'ic stretching (Pollock et al., 1998). Although this is a recommended amount, 
individuals may not do what is recommended in order to suit their individual needs.
Pollock et al. (1998) suggested that it is not in the best interest for individuals to 
neglect stretching because doing so may be harmful to their bodies. The positive effects 
of stretching significantly outweigh the negative (Hume, Cheung, Maxwell, & 
Weerapong, 2004). Flexibility is an important aspect of health related fitness, and 
stretching is often necessary to obtain flexibility. Regular stretching has traditionally 
been recommended for several reasons because it is an important component in sport, 
health, and fitness (Corbin & Lindsay, 2005).
Soreness after exercise is characterized into two different categories: acute muscle 
soreness and delayed onset muscular soreness (DOMS) (Kent, 1998). Acute muscle
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soreness is soreness that occurs immediately after or during training. This soreness is 
typically due to poor blood flow to the trained area or local swelling/edema. Soreness felt 
by muscles hours/davs after exercise is a phenomenon called DOMS. According to the 
Oxford dictionary of Sports Science and Medicine, DOMS is muscular discomfort that 
develops one or two days after exercise has stopped. DOMS is generally considered to be 
an adult phenomenon, but some children also exhibit DOMS too (Plowman & Smith, 
2003). Muscle soreness is a very common problem that affects the physical and 
psychological performance of athletes and those who exercise (Bobbert, Hollander, and 
Huijing, 1986).
An individual can experience DOMS as a result of doing many different 
exercises: when the individual exercises at a much higher intensity than normally
•accustomed to. when a person exercises for a much longer duration than normally 
accustomed to. and when the type of specific muscle contraction is considerably different 
than accustomed to (e.g.. concentric and eccentric) is when a person is likely to 
experience DOMS (McArdle, Katch. & Katch, 2007). Activities that include eccentric 
contractions are most likely to induce DOMS (e.g., negative/eccentric bench press; 
Hakkenin et al., 1998). Furthermore, eccentric strength training is believed to be a very 
efficient way to strengthen one's muscles quickly (Higbie, Cureton, Warren, & Prior. 
1996). Treatment of DOMS consists of rest and use of anti-inflammatory drugs, such as 
aspirin (Rahnama. Rahmani-Nia, & Ebrahim. 2005). Recommendations for reducing 
DOMS have included reducing eccentric contractions, training at a lower intensity, and 
performing post-training routines that include stretching (Kent. 1998).
DOMS is of concern to exercise experts because it affects athlet ic performance 
and exercise participation (Plowman & Smith. 2003). The cause of DOMS has drawn 
significant research attent ion because of its importance. Two of the primary theories of 
DOMS are the mechanical trauma theory and the local ischemic theory (Plowman & 
Smith. 2003). These theories are not identical: however, they share many similarities.
The mechanical trauma theoiy was conceptualized by Armstrong, Laughlin. 
Rome, and Taylor in 1983. This theory proposes to describe the mechanisms responsible 
for DOMS (Plowman & Smith, 2003). This theory developed from a study of several 
laboratory rats that were tested running on incline and decline treadmills (Armstrong et 
a!.. 1983). The treadmills were set to various speeds and slopes. V02 levels and blood 
lactate measurements showed that metabolism during and post-exercise was higher in the 
rats who ran uphill. Those rats had to use more energy to run at an incline and their
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muscles became damaged. This muscle damage also resulted in measurements of DOMS. 
Plowman and Smith (2003) give a definitive physiological description of the mechanical 
trauma theory.
Plowman and Smith (2003) commented:
The mechanical trauma model suggests that the mechanical forces in the 
contractile or elastic tissue result in structural damage to the muscle fibers. 
Damage to the sarcoiemma of the cell leads to disruption in calcium homeostasis, 
which results in death 'f  the tissue. The presence of cellular debris and immune 
cells leads to swelling and inflammation, which is responsible for the sensation of 
DOMS (Plowman & Smith, 2003. p.535).
The local ischemic theory was developed by Devries and Housh (1995). They 
suggested that exercise causes edema in the muscle tissue, which then increases the 
pressure in the muscle tissue. Due to the increase in muscle tissue pressure, blood flow is 
reduced to the muscle which causes pain and muscle constriction. The muscle 
constriction then becomes the primary factor of DOMS. The local ischemic theory was 
conceptualized by Devries and Housh (1995) who measured thresholds of neuromuscular 
fatigue in the muscies of the rectus femoris. Through the use of electromyographic 
fatigue threshold, it was discovered that the superficial muscles of the rectus femoris 
experienced more fatigue during exercise than the deep muscles (Deveries & Haush, 
1995).
It is possible that both theories are valid (Plowman &, Smith, 2003). The local 
ischemic theory explains that overtraining involving long duration and vigorous intensity
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activities leads to DOMS. The mechanical trauma mode! explains that DOMS takes place 
after activities that place significant automatic force on the muscle; specifically, eccentric 
contractions. Much of the research that supports the mechanical trauma theory has used 
eccentric exercise as a means of inducing DOMS. DOMS is produced by microscopic 
tears in the muscle (McArdle, Katch, & Katch, 2007). These tears release intracellular 
substances that induce the inflammatory response. The local ischemic theory and the 
mechanical trauma theory both achieve DOMS this way; however, the theories use 
different exercise methods to achieve the (proposed) tears that result in DOMS.
One of the more popular concepts regarding DOMS is that it is caused by 
accumulation of lactic acid (Edington & Edgerton, 1976). Research such as the 
mechanical trauma theory and the local ischemic theory, however, fail to support that 
lactic acid accumulation is the cause of DOMS (Cheung, K., Hume, P.. & Maxwell, L., 
2003). More specifically, those who suffer from McArdle’s syndrome and do not produce 
lactic acid suffer from DOMS too (Plowman & Smith, 2003). McArdle’s syndrome is a 
rapid onset of muscle fatigue, pain, and cramping during moderate and vigorous exercise 
(Lewis, Haller, Cook, & Nunnally, 1985). This is from the inability to breakdown 
glucose, which is a very important source of energy stored in the muscle. Also, lactic acid 
has a half-life of 15-25 minutes and is removed from the muscle in about an hour. Due to 
the removal of lactic acid from the muscle, lactic acid cannot cause DOMS (Lewis,
Haller, Cook, & Nunnally, 1985).
Researchers have investigated whether stretching muscles post-exercise reduces 
levels of DOMS (Hebert & dc Noronha, 2009). At rest, muscle tissue damaged during 
exercise repairs itself and becomes stronger through hypertrophy in order to adapt to the
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workload and contractile forces being placed on the body. (Brooks, Fahey, & Baldwin, 
2005). It has been suggested that stretching can accelerate recovery of the muscles, which 
will reduce levels of DOMS (Bobbert, Hollander, & Huijing, 1986).
The idea that stretching can reduce levels of DOMS is controversial. Some 
suggest that stretching can prevent DOMS after training (Bobbert, Hollander, & Huijing, 
1986), others hypothesize that stretching has little effect on the prevention of DOMS 
(Wessei & Wan. 1994) based on anecdotal rather than scientific evidence (ACSM, 2000).
Performing regular stretching exercises can greatly increase flexibility of the area 
being stretched (Smith & Fryer, 2008). Doing a stretching routine post-exercise could be 
beneficial because it supports the local ischemic theory (Resiman, Walsh, & Proske, 
2005). Furthermore, stretching the muscle will lengthen it resulting in a speedy recovery 
time (Bobbert et al., 1986). Regardless of the theory of DOMS causation, different 
stretching techniques may have a role in reducing DOMS.
Specific Studies on the Effect o f  Stretching on DOMS
There is a substantial amount of research about the effect of stretching and 
DOMS. Traditionally, DOMS is measured by overtraining the muscle and having the 
participants rank their level of soreness after a period of time. As shown in Table 1 most 
of this research has included testing the effect of different types of stretches on DOMS. 
All of the studies in Table 1 involve the participants of each study engaging in static 
stretching and all of the studies arc testing stretching as a mechanism to relief DOMS. 
Furthermore, the studies in Table 1 use a stretch protocol before or after training in 
efforts to relief DOMS. Results are mixed.
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'{'able 1: Literature review for the effect of different types of stretch? on DOMS
A u t h o r s  &  
y e a r
T y p e s  o f  
s t r e t c h in g
D O M S  r e la t e d  
v a r ia b le s
P r o c e d u r e R e s u l t s
B o b b e r t, 
H o lla n d e r , &  
H u ij in g  
( 1 9 8 6 )
S ta tic -
a c t iv e
A m o u n t o f  
D O M S  in  
tra in ed  area
P a r tic ip a n ts  o v e r  tr a in e d  tire g a s tr o c n e m iu s  
m u s c le  T h e y  th e n  u s e d  s ta t ic -a c t iv e  
s tr e tc h e s  o n  o n e  le g  w h i le  l ie -  o th er  le g  w a s  
th e  c o n tr o l. P a r tic ip a n ts  th en  rated  th e ir  
le v e l  o f  D O M S  o n  e a c h  leg .
T h e  e x p e r im e n ta l le g  s h o w e d  
lo w e r  le v e ls  o f  D O M S  
c o m p a r e d  to  th e  c o n tr o l le g  
(p o s i t iv e  e f fe c t s ) .
S m ith  e t  a t  
( 1 9 9 3 )
B a ll is t ic  
an d  S ta tic -  
a c t iv e
A m o u n t  o f  
D O M S  o n  areas  
s tr e tch ed
P a r tic ip a n ts  w e r e  r a n d o m ly  d iv id e d  in to  
tw o  g r o u p s  a n d  p e r fo r m e d  th ree  id e n t ic a l  
s e t s  o f  17 s tr e tc h e s  in  v a r io u s  areas  o f  th e  
b o d y . T h o s e  w h o  s ta t ic  s tr e tc h e d  h e ld  th e ir  
s tr e tc h e d  for 6 0  s e c o n d s .  T h e  b a ll is t ic  
p e r fo r m e d  th e ir  s tr e tch  fo r  6 0  b o u n c e s  per  
m in u te . P a r tic ip a n ts  th en  rated  their  
s o r e n e s s  le v e l  o n  a  te n  p o in t  s c a le  b e fo r e  
th e  s tr e tc h in g  ro u tin e , 2 4 ,  4 8 ,  7 2 , 9 6 ,  and  
1 2 0  h o u rs  a fter  th e  s tr e tc h in g  ro u tin e . 
P a r tic ip a n ts  j u s t  d id  th e  p r e sc r ib e d  
s tr e tc h e s ,  n o  o th er  e x e r c is e .
T h o s e  w h o  p e r fo r m e d  s ta t ic -  
a c t iv e  s tr e tc h e s  h ad  h ig h er  
l e v e ls  o f  p a r tic ip a n ts  s u ffe r in g  
fr o m  D O M S  c o m p a r e d  to  th e  
b a ll is t ic  s tr e tc h in g  g r o u p s . T h e  
h ig h e s t  a m o u n t o f  D O M S  
o c c u r r e d  a fte r  2 4  h o u rs  
(p o s i t iv e  e f f e c t s ) .
W e s s e l  &  W an  
( 1 9 9 4 )
S ta tic -
a c t iv e
A m o u n t  o f  
D O M S  in  
tra in ed  area  
p o s t -e x e r c is e
S o r e n e s s  in  k n ee  f le x o r  m u s c le  w a s  in d u c e d  
w ith  c o n c e n tr ic  or  e c c e n tr ic  c o n tr a c tio n s . 
K n e e  f le x o r  m u s c le s  o f  e x p e r im e n ta l le g  
w e r e  s tr e tc h e d  b e fo r e  e x e r c is e  in  
e x p e r im e n t  1 a n d  a fter  e x e r c is e  in  
e x p e r im e n t  2 . T en  s tr e tch es  w e r e  
p e r fo r m e d , e a c h  o f  6 0  s e c o n d s  d u ra tion . 
M u s c le  s o r e n e s s  m e a s u r e d  12 , 2 4 ,  3 6 , 4 8 ,  
6 0 ,  an d  7 2  h o u rs  a fter  e x e r c is e  o n  a 1 0 0  
p o in t  s c a le .
T h e  s tr e tc h in g  ro u tin e  
p e r fo r m e d  b e fo r e  o r  a fter  
e c c e n tr ic  e x e r c is e  d id  n o t  
r e d u c e  D O M S  (n e g a t iv e  
e f f e c t s ) .
L u n d ,
V e stc r g a a r d -  
P o u ls e n , &  
K a n stru p  
( 1 9 9 8 )
S ta tic -
p a s s iv e
A m o u n t  o f  
D O M S  fe lt b y  
th e  p a r tic ip a n ts
In th e  fir s t  e x p e r im e n t ,  p a r tic ip a n ts  
p e r fo r m e d  e c c e n tr ic  s tr e n u o u s  e x e r c is e  w ith  
th e  r ig h t q u a d r ic e p s  u n til e x h a u s t io n  w ith  
n o  s tr e tc h in g . In th e  s e c o n d  e x p e r im e n t,  
p a r tic ip a n ts  a g a in  p e r fo r m e d  e c c e n tr ic  
s tr e n u o u s  e x e r c is e  o n  th e  r ig h t q u a d r ice p s  
u n til e x h a u s t io n . F o l lo w in g  th e  e x e r c is e ,  
p a r tic ip a n ts  p a r tic ip a te d  in  th e  s tr e tch es  for  
3 0  s e c o n d s ,  w  ith a  3 0  s e c o n d  p a u se  
b e tw e e n  s e t s ,  for  3  se ts .
S ta t ic -p a s s iv e  s tr e tc h in g  d id  n o t  
h a v e  a n y  s ig n if ic a n t  in f lu e n c e  
o n  r e d u c in g  D O M S  in  th e  
p a r tic ip a n ts  (n e g a t iv e  e f f e c t s ) .
R e s im a n  e t ai. 
( 2 0 0 5 )
S ta tic -
p a s s iv e
A m o u n t  o f  
D O M S  fe lt  b y  
th e  p a r tic ip a n ts
P a r tic ip a n ts  p e r fo r m e d  s ta t ic -p a s s iv e  
s tr e tc h e s  o n  o n e  arm  p r io r  to  e c c e n tr ic  
e x e r c is e .  T h e  o th e r  arm  w a s  th e  c o n tro l. 
P a r tic ip a n ts  th en  p e r fo r m e d  e lb o w  f le x o r s  
u n til e x tr e m e  fa t ig u e . P a r tic ip a n ts  rated  
D O M S  an d  arm  p o s tu r e  w a s  m e a su r ed .
P r e -e x e r c is e  s tr e tc h in g  m a y  
r ed u c e  D O M S  an d  im p r o v e  
p o stu re  o f  tr a in e d /s tr e tc h e d  area  
o f  th e  b o d y  (p o s i t iv e  e f f e c t s ) .
H ig h , H o w le y ,  
&  b ra n d s  
( 1 9 8 9 )
S ta tic
s tr e tc h in g
a n d /o r
w a r m -u p
A m o u n t  o f  
D O M S  fe lt b y  
th e  p a r tic ip a n ts
S o r e n e s s  in  le g  m u s c le s  in d u c e d  with, s te p  
test. B e fo r e  e x e r c is e ,  th e  s tr e tc h in g  g r o u p  
p e r fo r m e d  2 q u a d r ice p s  s tr e tc h e s  e a c h  for  
6 0  s e c o n d s .  T h e  w a r m -u p  g r o u p  p e r fo r m e d  
an a c t iv e  w a r m -u p . T h e n  b o th  g ro u p s  d id  
b o th  s tr e tc h in g  an d  w a r m -u p . T h e  co n tr o l 
g r o u p  d id  n o th in g . M u s c le  s o r e n e s s  w a s  
m e a s u r e d  2 4  h o u rs  a fter  th e  s te p  te s t  o n  0 -6  
p o in t  s c a le .
S ta t ic  s tr e tc h in g  a n d /o r  w a r m ­
u p  d id  n o t  p r e v e n t D O M S  
(n e g a t iv e  e f f e c t s ) .
S a d y ,
W o r tm a n , &  
B la n k e  ( 1 9 8 2 )
................
B a ll is t ic  
a n d  s ta t ic -  
a c t iv e
A m o u n t  o f  
l le x ib i l i t y  
a c h ie v e d  b y  th e  
p a r tic ip a n ts , A  
f le x ib le  m u s c le  
m a y  red u c e  
D O M S
P a r tic ip a n ts  w e r e  d iv id e d  in to  4  d iliferen t 
g r o u p s: c o n tr o l, s ta t ic -a c t iv e ,  b a ll is t ic  an d  
P N F  B a s e l in e  m e a s u r e m e n ts  w e r e  o b ta in e d  
o n  2  sep a ra te  d a y s  p r io r  to  a n d  fo l lo w in g  a 
3 -d a y  p er  w e e k ,  6 -w e e k  f le x ib i l i ty  tr a in in g  
p ro g ra m . T h e  a m o u n t o f  f le x ib i l i t y  w a s  
m e a s u r e d  b y  e a c h  g r o u p  o v e r  t im e
P N F  s tr e tc h in g  m a y  b e  th e  
p re ferred  s tr e tc h in g  te c h n iq u e  
for  im p r o v in g  f le x ib i l i ty ,  ' l i t is  
m a y  in d ic a te  th at b e c a u s e  P N F  
s tr e tc h in g  in c r e a se s  f le x ib i l i t y ,  
it is  l ik e ly  P N F  s tr e tc h in g  m a y  
lo w e r  D O M S  w h e n  c o m p a r e d  
t o  th e  o th er  ty p e s  o f  s tr e tc h e s  
d o n e  in  th e  s tu d y
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Perusal of Table 1 reveals three studies which showed stretching reduced DOMS, 
while three other studies showed stretching d'd not reduce DOMS. In Table 1, all of the 
participants used a pain scale to rate their DOMS level. There are also mixed results 
about doing stretches before/after exercise or what type of stretches can reduce DOMS. 
One study measured flexibility (i.e. Sady et al, 1982) and was included in this section 
because it is believed by many that a flexible muscle recovers faster from training (e.g. 
Corbin & Lindsey. 2005). Smith et al. (1993) identified a possible variable that induces 
DOMS by stretching alone. The participants in that study may not have normally 
accustomed to doing an extensive stretching routine. Their flexibility level may have 
induced DOMS because they are not used to doing that type of muscle contraction for a 
long period of time.
Pain tolerance may play a role in participants too. Each person has a different pain 
tolerance; for this reason, the results in Table 1 may have been skewed. Gender, age, 
race, occupation, and many other variables may also influence pain. Typically, men 
tolerate more pain than women, Caucasians tolerate more pain than Orientals and 
African-Americans, pain tolerance decreases with age, and those exposed to daily pain 
have more tolerance than those who do not (Woodrow, Friedman, Siegelaub, & Collen, 
1972). Pain tolerance may differ from each participant.
Apart from or in addit ion to stretching, other methods of reducing DOMS have 
also been tested. Drugs, massage, muscle treatments, and many other tactics have been 
administered to participants to see if they reduce DOMS. The independent variables in 
Table 2 focus on non-stretch mechanisms that may reduce DOMS. All of the studies in 
fable 2 test DOMS felt by the participants. The independent variable(s) (DOMS reducing
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mechanism) were introduced after the DOMS inducing exercise. The majority of the 
tested variables showed that DOMS was not eased by using a non-stretch mechanism. 
This research is included because in most cases the interventions also included stretching. 
Table 2: Literature review of stretching plus other methods of treating DOMS
A u t h o r  <X y e a r
I n d e p e n d e n t  v a r ia b le D e p e n d e n t
v a r ia b le
P r o c e d u r e R e s u l t s
R od ertb u rg , 
S te e n b e e k , &  
S c h ie r e c k  (1 9 9 4 )
S tr e tc h in g , w a r m -u p  
an d  m a s sa g e
A m o u n t o f  
D O M S  fe lt  b y  
th e  p a r tic ip a n t
P a r tic ip a n ts  w e r e  r a n d o m ly  
d iv id e d  in to  e x p e r im e n ta l an d  
c o n tr o l g r o u p s . T h e  e x p e r im e n ta l  
g r o u p  d id  a  c o m b in a t io n  o f  w a r m ­
up  and  s tr e tc h in g  b e fo r e  e c c e n tr ic  
e x e r c is e .  T h e  e x p e r im e n ta l g ro u p  
th en  r e c e iv e d  a  m a s s a g e  a fter  
e x e r c is e .  T h e  c o n tr o l g r o u p  ju s t  
d id  th e  e c c e n tr ic  e x e r c is e .  
P a r tic ip a n ts  th e n  ran k ed  th eir  
s o r e n e s s  o n  a s c a le .
A  c o m b in a t io n  o f  
w a r m -u p  and  s tr e tc h in g  
b e fo r e  e c c e n tr ic  
e x e r c is e  a n d  m a s s a g e  
a fter  e x e r c is e ,  w a s  
e f f e c t iv e  in  r ed u c in g  
s e v e r ity  o f  D O M S
G u l i c k e t a l  ( 1 9 9 6 )
A n t i- in f la m m a to r y  
d r u g , h ig h  v e lo c i ty  
c o n c e n tr ic  m u sc le  
c o n tr a c t io n s  o n  an  
u p p er  e x tr e m ity  
e r g o m e te r , ic e  m a s s a g e ,  
10 -m in u te  sta tic  
s tr e tc h in g , o in tm e n t,  
an d  a p la c e b o .
A m o u n t  o f  
D O M S  fe lt  b y  
th e  p a r tic ip a n t  
f o l l o w in g  th e  
tr a in in g  and  
in d e p e n d e n t  
v a r ia b le s
P a r tic ip a n ts  w e r e  r a n d o m ly  
a s s ig n e d  to  a  p o s s ib le  D O M S  
r e d u c in g  v a r ia b le . P a r tic ip a n ts  
th en  p e r fo r m e d  p h y s ic a l  a c t iv ity  
th a t w o u ld  in d u c e  D O M S . T h e  
p o s s ib le  D O M S  r e d u c in g  v a r ia b le  
w a s  a d m in is te r e d  a n d  D O M S  
le v e l  w a s  rated  b y  th e  p a r tic ip a n ts  
a fterw ard .
O n ly  t im e  w a s  a b le  to  
lo w e r  D O M S  in  
p a r tic ip a n ts .
R a h n a m a  e i  al.
( 2 0 0 5 )
W a rm -u p  s tr e tc h in g  
a n d  ib u p ro fen
A m o u n t  o f  
D O M S  fe lt  b y  
th e  p a r tic ip a n t  
f o l lo w in g  
tr a in in g  and  
in d e p e n d e n t  
v a r ia b le s .
P a r tic ip a n ts  w e r e  d iv id e d  in to  fo u r  
ra n d o m  g ro u p s . T h e  S o ln to n  fou r  
g r o u p  d e s ig n  w a s  u se d . T h is  
c o n s is t e d  o f  w a r m -u p  s tr e tch es ,  
ib u p r o fe n , an d  a c o n tr o l. D O M S  
l e v e l s  w e r e  th en  reco rd ed .  
P a r tic ip a n ts  th en  ran k ed  th e ir  
m u s c le  s o r e n e s s .
D o in g  a p h y s ic a l  
a c t iv ity  w a r m -u p  w ith  
o r  w ith o u t  ib u p r o fe n  
p r e v e n te d  D O M S .
Z a in u d d in ,N e w to n ,  
S a c c o .  &  N o s a k a  
( 2 0 0 5 )
M a s s a g e
A m o u n t  o f  
D O M S  fe lt b y  
th e  p a r tic ip a n t  
fo l lo w in g  
tr a in in g  an d  th e  
in d ep en d e n t  
v a r ia b le
P a r tic ip a n ts  p e r fo r m e d  10  s e t s  o f  
6  m a x im a l e c c e n tr ic  a c t io n s  o f  th e  
e lb o w  f le x o r s  w ith  e a c h  arm . O n e  
a n n  r e c e iv e d  10  m in u te s  o f  
m a s s a g e  3 h o u rs  a fter  e c c e n tr ic  
e x e r c is e ;  th e  o th er  arm  r e c e iv e d  
n o  trea tm en t. D O M S  le v e ls  w e r e  
s h o r tly  m e a su r ed  a fter  th e  
m a s s a g e .
M a s s a g e  w a s  e f f e c t iv e  
in  a l le v ia t in g  D O M S  
b y  a p p r o x im a te ly  3 0 %  
a n d  r e d u c in g  s w e l l in g ,  
b u t it h a d  n o  e f f e c t  o n  
m u s c le  fu n c t io n .
M o r a sk a  ( 2 0 0 7 ) M a s s a g e
A m o u n t o f  
D O M S  fe lt  b y  
th e  p a r tic ip a n t  
f o l lo w in g  
tr a in in g  an d  th e  
in d e p e n d e n t  
v a r ia b le .
P a r tic ip a n ts  w e r e  o f fe r e d  a 1 2 -1 5  
m in u te  m a s s a g e  a fter  ru n n in g  a 
race . P a r tic ip a n ts  w e r e  r a n d o m ly  
a s s ig n e d  to  a s tu d en t th era p is t  
w ith  e ith e r  4 5 0 ,  7 0 0 ,  o r  9 5 0  h ou rs  
o f  tr a in in g  in  m a s s a g e .  A  10  p o in t  
m u s c le  s o r e n e s s  q u e s t io n n a ir e  w a s  
g iv e n  to  th e  p a r tic ip a n ts  b e fo r e  
an d  a fter  th e  m a s s a g e ,  and  2 4  and  
4X h o u rs  p o s t-r a c e .
T h e  g rea ter  r e d u c tio n  
in  m u s c le  s o r e n e s s  w a s  
a c h ie v e d  b y  th er a p is ts  
w ith  9 5 0  h o u rs  o f  
tr a in in g  a s  o p p o s e d  to  
th o se  w ith  7 0 0  o r  4 5 0  
h o u rs  o f  m a s s a g e  
tra in in g .
The findings in Table 2 are important to this study because they show that most 
other variables aside from stretching are not necessary for the participant when trying to
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reduce DOMS. There are some data however that suggest gentle massage can reduce 
DOMS (Rodenburg et al., 1994). However, bias may have been introduced in the 
Moraska (2007) study because Moraska should not have advertised the level of training 
each masseuse had. Those participants who received massages from masseuses with the 
most training may have convinced themselves that their massages were more effective 
due to the higher level of masseuse training.
The results of the studies in Table 2 should be considered in DOMS research 
because if there is a variable that can prevent or reduce DOMS, stretching may become 
highly publicized as obsolete to DOMS prevention. Due to DOMS being developed from 
overtraining muscles (Kent, 1998), it is possible that stretching may cause DOMS 
because the load being placed on the muscles may be significant enough to fatigue 
muscles (Corbin & Lindsey, 2005). If a person does not stretch regularly, they are likely 
to get DOMS from doing an extensive stretching routine because they are not normally 
accustomed to that type of specific muscle contraction.
Stretching and Muscle Performance
The level of muscular performance is important to consider when assessing 
DOMS. Stretching and warming-up before exercise may result in muscles that are 
capable of exerting more force while less likely to become injured (Corbin & Lindsey, 
2005). Again, all of the studies in Table 3 involve static stretching; however, the Worrell, 
Smith, and Winegardner (1994) study includes PNF and static stretching. The dependent 
variables in Table 3 test muscular efficiency through resistance training or V02 
maximum testing. Participants in these studies used a stretch protocol before exercising.
I he studies show that some stretching as part of warm-up may be beneficial to one's 
muscle output. Table 3 is devoted to how warm-up impacts muscular performance. 
Table 3: Literature review of warming-up with stretches and muscle performance
A u f h o r  &  y e a r
I n d e p e n d e n t
v a r ia b le
D e p e n d e n t
v a r ia b le
P r o c e d u r a l R e s u l t s
W o r re ll, S m ith .  
&  W in e g a r d n e r  
( 1 9 9 4 )
P N F  a n d  s ta t ic -  
a c t iv e
T h e  a m o u n t o f  
m u sc u la r  p o w e r  
a c h ie v e d  b y  th e  
s tr e tch ed  area.
P a r tic ip a n ts  w e r e  a s s ig n e d  s tr e tc h e s  to  
th e  h a m str in g  m u s c le s  A fte r  th e  
p a r tic ip a n ts  w e r e  s tr e tc h e d , p a r tic ip a n ts  
w e r e  te s te d  o n  h a m str in g  s tr en g th  at 
d if fe r e n t  d e g r ee s .
P N F  s tr e tc h in g  w a s  s l ig h t ly  
s u p e r io r  to  s ta t ic  s tr e tc h in g  in  
h a m str in g  p e r fo r m a n c e ;  
h o w e v e r ,  b o th  s tr e tc h in g  
c a te g o r ie s  are b e n e f ic ia l  to  
h a m str iim  p e r fo r m a n c e .
B e h m , B u tto n ,  
&  B u tt ( 2 0 0 1 )
S ta t ic -p a s s iv e
T h e  a m o u n t o f  
m u sc u la r  p o w e r  
a c h ie v e d  b y  th e  
s tr e tc h e d  area.
P a r tic ip a n ts  w e r e  d iv id e d  in to  tw o  
g r o u p s . T h e  e x p e r im e n ta l g r o u p  w a s  
te s te d  b e fo r e  an d  5 -1 0  m in u te s  f o l l o w in g  
a  2 0  m in u te  s ta t ic  s tr e tc h in g  r o u tin e  o f  
th e  q u a d r ice p s . T h e  co n tr o l g r o u p  d id  n o  
s tr e tc h in g . F o r c e s  a n d  tw itc h e s  w e r e  
m e a s u r e d  w ith  s o p h is t ic a te d  e q u ip m e n t.
A  r e g im e n  o f  p r o lo n g e d ,  
s ta t ic -p a s s iv e  s tr e tc h in g  c a n  
in h ib it  fo r c e  o f  th e  k n ee  
e x te n s o r s .
G le irn ,
S ta c h c n fit ld , &  
N ic h o la s  
( 1 9 9 0 )
O v e r a ll  
f le x ib i l i t y  
th o u g h  s ta t ic -  
p a s s iv e
V 0 2  m a x im u m
P a r tic ip a n ts  w e r e  p u t th o u g h  a  s e r ie s  o f  
f le x ib i l i ty  te s ts  u s in g  s ta t ic -p a s s iv e  
s tr e tc h e s . T h e y  w e r e  th en  to  c o m p le te  a 
V 0 2  m a x im u m  o r  V 0 2  s u b -m a x im u m  
te s t  o n  a tr e a d m ill.
T h o s e  w h o  h ad  m o re  
f le x ib i l i t y  h ad  a h ig h e r  V 0 2  
m a x im u m  th an  th o s e  w h o  
h a d  lo w e r  f le x ib i l i t y .
These studies should be taken into account when future studies on DOMS are 
planned. Behm et al. (2001) showed that doing a vigorous static stretching routine pre­
exercise can inhibit maximal muscle output. Maximal muscular power output should be 
desired by an individual performing exercise; thus, doing an extensive stretching routine 
before training significantly increases the chances of the participants not achieving 
maximal muscle output, especially when one is unaccustomed to doing so. Muscles may 
become fatigued from the stretching routine and/or muscle tension at the joints may not 
be adequate resulting in poor muscle output. The results in Table 3 show that having 
participants stretch vigorously prior to exercising is questionable. Moderate stretching 
and warming-up one’s muscle temperature is a better alternative specifically because 
there will be some muscle tension at the joints which will help muscle output (Behm et 
•?)., 2001) .
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A review about the effects of stretching .> athletic performance was conducted by 
Ian Shrier (2004). This review examined 72 articles that were related to the topic of the 
review. Shrier concluded that an acute bout of pre-exercise stretching does not improve 
force or jump height. Regular pre-exercise t retching improves force, jump height, and 
speed, although there is no evidence that improves running efficiency.
Stretching and Injury
When a person over*rains. sufficient rest time may not be allowed for the body to 
recover from the stress exercise )• mgs. These exercised muscles are very fatigued and 
need to recover. Overtraining is defined as training at work level beyond physical 
tolerance limits so that the body is unable to recover completely during rest periods 
(Kent, 1998). A muscle tb t suffers from DOMS is more likely to become injured 
because the tissue is still damaged (Udani, Singh, Singh, & Sandoval, 2009). The 
independent variables in Table 4 examine if stretching reduces injury. Injury rates were 
recorded in each study; however, each study records their injury rates differently. For 
example, in the Ekstrand, Gillquist, and Liljedah (1983) study, injury rates are recorded 
by comparing a group that participated in a stretch intervention compared to a group that 
did not participate in the stretch intervention. This study differs from the Hartig and 
Henderson (1999) study. Here, the overall number of injuries was recorded. Results do 
show that stretching can be beneficial in reducing injury while training. Table 4 
summarizes studies that evaluate stretching. DOMS, and injury together.
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] able 4: Literature review of injury, stretching, and DOMS
A u t h o r  &  
r ... > c » r  .
I n d e p e n d e n t
v a r ia b le
D e p e n d e n t
v a r ia b le
P r o c e d u r a l R e s u l t s
tik s ir a n d .  
G tl iq u is l ,  A: 
L iije d a h  
( 1 9 8 3 )
In te r v en tio n  o n  
h o v . i o  p rev en t  
in ju ry
A m o u n t o f  
in ju r ie s  
b e tw e e n  th e  
tw o  g r o u p s
H a l f  o f  th e  te a m s  r e c e iv e d  an  
in te r v e n tio n  o n  h o w  to  p r e v e n t in ju ry  
T h e  in te r v e n t io n  in c lu d e d  v a r io u s  to p ic s  
in c lu d in g  h o w  s tr e tc h in g  p la y s  a r o le  in  
in ju ry  p r e v e n tio n  T h e  o th e r  g r o u p  d id  
n o t  r e c e iv e  th e  in te r v e n tio n  I n ju n  
a m o u n t w a s  th en  r e c o r d e d  b e tw e e n  th e  
tw o  g r o u p s
S e v e n ty - f iv e  p er  c e n t  fe w e r  in ju r ie s  
in  th e  in te r v e n tio n  g r o u p  o c cu rr e d  
in  c o m p a r is o n  to  th e  c o n tr o l g r o u p .
1 ia r t ig  &  
H e n d e r so n  
( 1 9 9 9 )
S tr e tc h in g  
ro u tin e  p r ior  to  
p h y s ic a l  tra in in g  
an d  h a m str in g  
f le x ib i l i ty
N u m b e r  o f  
in ju r ie s
T w o  d if fe r e n t  a rm y  c o m p a n ie s  g o in g  
th ro u g h  b a s ic  tr a in in g  a t th e  s a m e  tim e  
w e r e  u s e d . H a m str in g  f le x ib i l i t y  w a s  
c h e c k e d  at th e  b e g in n in g  a n d  at th e  en d  
o f  th e  1 3 -w e e k  in fa n try  b a s ic  tr a in in g  
c o u r se . T h e  c o n tr o l c o m p a n y  p r o c e e d e d  
th ro u g h  ttorm a! tr a in in g  T h e  
in te r v e n tio n  c o m p a n y  f o l lo w e d  th e  s a m e  
p rogram  b u t a d d e d  th roe  h a m str in g  
s tr e tc h e s  to  th e  ro u tin e . L o w e r  e x tr e m ity  
o v e r  u s e  in ju ry  ra tes  w e r e  reco rd ed .
H a m str in g  f le x ib i l i t y  in c r e a se d  
s ig n if ic a n t ly  in  in te r v e n tio n  g r o u p  
c o m p a r e d  w ith  th e  c o n tr o l g r o u p  
T h e  n u m b e r  o f  in ju r ie s  w a s  a ls o  
s ig n if ic a n t ly  lo w e r  tn  lire  
in te r v e n tio n  g ro u p . F o r ty -th ree  
in ju r ie s  o c c u r r e d  in  th e  c o n tr o l  
g r o u p  for an  in c id e n c e  ra te  o f  
2 9 .1 % , c o m p a r e d  w ith  th e  2 5  
in ju r ie s  in  th e  in te r v e n tio n  g r o u p  
fo r  an  in c id e n c e  rate  o f  17% .
P o p e ,
H erb ert,
K ir w a n ,
& G ra h a m
( 2 0 0 0 )
S ta tic  s tr e tch in g  
b e fo r e  e x e r c is e
in ju rs l e v e ls  
o n
p a r tic ip a n ts
1 5 3 8  m a le  a r m y  rec r u its  w e r e  r a n d o m ly  
a s s ig n e d  to  s tr e tc h in g  g r o u p s  an d  c o n tro l 
g r o u p s . O v e r  th e  12 w e e k s  o f  tra in in g , 
b o th  g r o u p s  d id  an a c t iv e  w a rm -u p .  
A fte r  th e  a c t iv e  w a r m -u p  o n e  g r o u p  
p e r fo r m e d  a s ta t ic  s tr e tc h in g  ro u tin e  on  
th e  lo w e r  e x tr e m it ie s  an d  o n e  d id  not
T h e r e  w e r e  1 5 8  in ju r ie s  in  th e  
s tre tch  g r o u p  a n d  17 5  in  th e  c o n tr o l  
g r o u p . S ta t ic  s tr e tc h in g  b e fo r e  
tra in in g  d id  n o t lo w e r  injury
!
The studies on injury prevention through stretching in Table 4 indicate that 
stretching may play a role in injury reduction. Stretching a muscle immediately following 
training may not immediately reduce DOMS; however, a continually stretched, flexible 
muscle is less likely to be injured and may suffer less DOMS.
Overall, the studies in table 4 showed that stretching can have an effect on 
DOMS, muscle efficiency and injury. Researchers have shown that pre-exercise or post­
exercise stretching alone may or may not reduce DOMS (Bobbet el ah, 1986; High et al., 
1989; Lund et al., 1998; Resiman ct al., 2005; Sady ct al., 1982; Smith el al.. 1993; 
Wessel & Wan, 1994;), studies that measure DOMS without a stretch protocol (Guliek et 
al., 1996: Moraska, 2007). that stretching before exercise may lower muscle efficiency 
(Behrn. et al.. 2001). and that stretching before and/or after reduces frequency of injury
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(Ldstrand et al.. 1983: Hariig & Henderson, 1999). There is little research concerning 
PNF stretching. The majority of stretches that were administered to the participants was 
static-active/static-passive stretching.
Two recently published reviews concerning whether stretching after exercise has 
an influence on reducing DOMS report mixed results (Hebert & de Noronha, 2009;
Hume et al., 2004). Hebert and de Noronha (2009) summarized 14 different studies and 
concluded that there is no need to further research the effects of stretching after exercise 
on DOMS due to the studies included in their review. They based their conclusions on 
the research that has shown that stretching has little or no effect ofthe reduction of 
DOMS. Another review as done by Hume et al. (2004) on treatment strategies affecting 
DOMS looking at 25 different studies showed that there was no research on the effects of 
other types of stretching (e.g. ballistic, PNF. and dynamic stretching) on muscle soreness 
and the severity of muscle damage (Hume et al., 2004). A person may be confident 
saying static stretching techniques have little effect on reducing DOMS; however, there is 
little research concerning PNF stretching and its capability of lowering DOMS. Also, 
there is little research that investigates if level of flexibility plays a factor on DOMS if a 
person stretches.
Summary
Since there is little research concerning the effects of PNF stretching or flexibility 
on DOMS. further study ofthe topic needs attention. The majority of stretches that were 
administered to the participants in the literature were static*aclive/static-passtve 
stretching. This lack of research leads to the question, if a person is stretching to reduce 
DOMS. would PNF stretching be effective in lowering DOMS in individuals post­
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exercise compared lo static stretching or no stretching? Also, does a person's flexibility 
level indicate likelihood of DOMS after stretching? It is hypothesized that participants 
twho engage in PNF stretching and those who have good flexibility will have a lower 
amount of DOMS. Participants who engage in static stretching post-exercise and those 
who are less flexible w ill have high levels of DOMS. The purpose of this study is to 
examine the premise that stretching, or at le^st some types of stretching, is effective in 
reducing soreness of muscles.
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CHAPTER II 
METHOD
This study investigated whether stretching after unaccustomed eccentric exercise 
could prevent delayed onset muscle soreness (DOMS). While previous research has 
shown little effect on post-exercise stretching on DOMS, the effects of PNF stretching on 
DOMS had not been tested. Therefore, this study was designed to specifically investigate 
whether post-exercise PNF stretching could limit or reduce DOMS.
Design
This study employed a posttest-only control group design (Campbell and Stanley, 
1963) to study the effects of PNF, static, and no stretch (control group) on DOMS. In this 
randomized-groups design, the post-exercise participants were randomly assigned to one 
of three groups: PNF, static, or control. T he dependent variable was the DOMS scores 
reported by each participant at 24 hours and 48 hours post-exercise (independent 
variables).
Participants
A convenience sample of 57 participants volunteered for this study. Participants 
were recruited as volunteers out of various physical education, exercise science, and 
wellness (PXW) classrooms. Participants were screened on age, history of injury, age, 
gender, level of training, level of performance, and size. Thomas. Nelson, and Silverman 
(2005) suggest using various inclusion and exclusion criteria because it helps target
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participants that would best suit the study. Table 5 discusses the inclusion and exclusion 
criteria for participants who were involved in this study. The design of the study was a 
posttest-only control group design.
I able 5: Inclusion and exclusion criteria of participants
P a rtic ip a n ts In clu sion
C riter ia
E x c lu sio n  C r iter ia Why
Age Must be 18 years 
of age or older
Below 18 years of 
age
Parental consent is not 
necessary because 
participants are adults.
Gender Males or females None N/A
Level of 
Training
Preference will be 
given to those 
who are somewhat 
physically un­
trained
None When a participant is 
untrained, they more likely to 
suffer from DOMS because 
they are not normally 
accustomed to exercising 
with high intensity
Level of 
Performance
Those who are 
able to complete 
all tasks that the 
study demands
Those who cannot 
complete all tasks 
that the study 
demands
Participants must complete 
all tasks or they would not 
valid participants
History of 
Injury
None Those who have not 
been cleared by a 
doctor, therapist, or 
trainer to exercise 
area being tested
Having a prior catastrophic 
injury in the trained area may 
result in an increased risk of 
injury and/or may confuse 
pain in the previously injured 
area with DOMS
Par-Q Answering “No” 
to all questions
Answering “Yes” to 
one or more of the 
questions
Answering “Yes” may result 
in a health complication of 
the participant, which would 
not make them eligible to 
participate in the study
Consent
Form
____
Completing 
consent form
Not completing 
consent form
Participants who complete 
the consent form understand 
the study; understand their 
role in the study, and 
possible risks involved in the 
study
i hose who were interested provided their name, e-mai!. and phone number to the 
principal investigator after he explained the study. Those on the list were called by the 
researcher to set up a time for data collection. An exclusion and inclusion criterion was 
enforced at the beginning of the study.
Measures/Instrwne, lotion
Muscle Soreness
DOMS was assessed using the High et al. (1989) soreness scale (see Appendix A) 
(High et al., 1989, p. 359). The scale was chosen because due to the simplicity of the 
questionnaire. The scale asks participants to rank their level of soreness in a 1 -6 point 
scale ranging from “absence of soreness” to “most extreme pain possible from soreness” 
(High et al., 1989).
Hamstring and lower back flexibility were measured using a standard sit and 
reach measurement box because a sit and reach test is the most common way to assess 
one’s level of flexibility. Participants positioned themselves at the sit and reach box and 
reached forward and held the stretch while keeping their legs straight. Once they had 
reached forward as far as possible, the researcher recorded their score in centimeters.
Procedures
Screening and Preliminary Organization
Approval to conduct this study was granted by the 1RB of the University of North 
Dakota (see Appendix D). After participant recruitment took place, specific times were 
arranged between each participant and the researcher to conduct the study so participant 
attendance was maximized. Participants then completed a standard consent form (see 
Appendix B). After completing the consent form, a PAR-Q was also given to participants
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to assess their overall health (see Appendix C). If the participant passed the PAR-Q, they 
were then evaluated by the inclusion and exclusion criteria. Finally, the screened 
participant was given verbal information about the study at the Wellness Center before 
performing the study.
DOMS Inducing Exercise & Stretch Protocol
To prevent anticipation bias, the researcher did not identify what type of stretch 
the participant would be doing. For a warm-up, the participant did 5-10 minutes of easy 
jogging until they felt that they were ready to perform exercise. Participants then 
performed a sit and reach test and data were recorded.
The participant then performed his/her DOMS inducing exercise on the Leg Curl 
SP 5100 weight machine. Approximate number of repetitions was between eight and 
twelve. The participants concentrically contracted their hamstring muscles in a controlled 
movement and eccentrically contracted their muscles for 5 seconds per rep. The 
participant was asked to complete each exercise until they reached voluntary or muscular 
failure. Muscular failure is defined as when the participants are physically incapable of 
completing another repetition because their muscles are too fatigued. Voluntary failure is 
defined as when the participant feels that they are un-able or not willing to perform any 
more repetitions.
Group Allocation
Participants were randomly assigned to one of three groups: PNF stretch, static 
stretch, and control group. This was done by drawing a group allocation out of a hat 
before they participated in the study.
20
Stretch Protocols
After the DOMS-inducing leg curls, the participants were guided through the 
stretch protocols that they had been randomly assigned to. In the static group, participants 
sat on the floor with their legs apart. The participant then reached toward one foot with 
both hands while the researcher pushed on their back. When optimal stretch occurred, the 
stretch was held for ten seconds with four seconds rest for two sets on both legs.
The PNF stretch was performed on the hamstring. The participant was supine on 
the floor and the researcher elevated one leg on the researcher’s shoulder while keeping 
the other leg straight. The leg was then further elevated while being kept straight and was 
contracted for five seconds, held for five seconds, and relaxed for four seconds The 
participant did this two times with one leg and the same routine was performed on the 
other leg.
Those who were randomized to the control group performed no stretches. These 
participants were asked to relax for a moment. After the participant completed their 
stretches, another sit and reach test was conducted. The protocol for the post-exercise sit- 
and-reach test was the same as the earlier sit-and-reach test.
DOMS Questionnaire Administration
Participants were again reminded that they must complete the questionnaire 
within the time constraints. Specified time periods between 22-26 hours and 46-50 hours 
post-exercise. Exact time specifications were given to the participant to remind them 
when to record their responses. They were also told not to do any type of physical
activitv or stretches on the region of the body that had been u aincd gmm.siimgs). i his 
may affect the level of DOMS. Participants then completed the pain questionnaire
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approximately 24 hours (plus or minus two hours) post-exercise and another 48 hours 
(plus or minus two hours) post exercise via e-mail. When the participant completed the 
pain questionnaires, he/she had completed the study. Figure 1 illustrates the participant’s 
involvement during tiieir time at the UND Wellness Center.
Analysis
The main hypothesis in this study was that DOMS would be reduced by post­
exercise stretching. This was tested using analysis of variance. Specifically, a 3x2 
(treatment group x time) mixed ANOVA was computed with scores on the pain scale as 
the dependent variable. Where it was necessary, post hoc testing using the Holm-Sidak 
method was conducted.
The secondary hypothesis in this study is that flexibility was associated with 
levels of DOMS was tested using Pearson correlation analysis.
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Figure 1: Flow Chan
Consent Form and PAR-Q
PNF
Sit and Reach Pre-Test
Sit and Reach Post-Test
T
De-Briefing
24 Hour Pain Score
48 Hour Pain Score
Sit and Reach Pre-Test
Sit and Reach Post-Test
t
De-Briefing
24 Hour Pain Score
48 Hour Pain Score
Sit and Reach Pre-Test
DOMS Inducing Leg Curls DOMS Inducing Leg Curls DOMS Inducing Leg Curls
Post-Exercise Stretching (PNF) Post-Exercise Stretching (Static)
Sit and Reach Post-Test
De-Briefing
24 Hour Pain Score
48 Hour Pain Score
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CHAPTER III
RESULTS
This study investigated whether stretching after unaccustomed eccentric exercise 
could prevent delayed onset muscle soreness (DOMS). While previous research has 
shown little effect on post-exercise stretching on DOMS, a specific type of stretching 
(PNF) had not been tested. Therefore, this study was designed to specifically investigate 
whether post-exercise PNF stretching could limit or reduce DOMS.
The descriptive statistics of the individual groups, and the sample overall, are 
presented in Table 6 below:
Table 6: Descriptive Statistics
Overall (N=57) 
m  S D
PNF (n 
m
=19)
S D
Static (n^O) 
m  S D
Control (n=18) 
m  S D
Height (inches) 68.49 3.50 68.37 2.69 70.00 3.88 66.94 3.28
Weight (lbs.) 165.68 28.91 158.95 22.94 180.50 34.02 156.33 22.37
Pre-exercise 
stretch score 
(cm)
6.33 9.75 5.21 10.21 6.00 9.70 7.89 9.68
Post-exercise 
stretch score 
(cm)
7.91 9.71 6.26 10.26 8.50 9.74 9.00 9.41
24 hour post­
exercise pain 
score
___
2.14 .93 2.2 .78 2.25 1.07 1.94 .93
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Table 6 coni.
Overall (N”57) PNF (n -19) Static (n-20) Control (n=18)
m S D m  S D m S D m S D
48 hour post­
exercise pain 
score
1.79 .99 1.63 1.01 2.00 1.07 1.72 .89
Pre-Post 
flexibility 
change (cm)
1.57 1.77 1.05 1.47 2.50 1.35 1.11 2.11
24 to 48 hour 
pain score 
change
.35 .89 .57 .90 .25 .96 .22 .80
The primary focus of this study was the issue of whether post-exercise PNF 
stretching could prevent DOMS compared to post-exercise static stretching, or to no 
stretching. A 3 x 2 (group x time) mixed ANOVA with pain measures taken at 24 and 48 
hours post-exercise was used to test this hypothesis. The results of this analysis showed 
no main effect for stretching type (F [2, 54] = .86, p  = NS), or interaction between group 
and time (F [2, 54] = .93,/? = NS). However, there was an effect for time (F [1, 54] = 
8.67, /? <  .01). Post hoc testing (Holm-Sidak method) showed that DOMS pain 
significantly decreased (p  <  .05) from 24 to 48 hours post-exercise for the PNF and 
control groups, but not for the static stretch group. This data set N presented in Figure 1.
Figure 2: Treatment Effects
i
!
!
i
Treatment Effects
6
5
a>
V -ouUO
cm
o .
4
3
2
1
24 43
PNF 2.21 1.63
Static 2.25 ■>
Control 1.94 1.72
(Correlations for each type of stretch are listed in tables 7-10).
Tables 7-10 examine the correlations between the variables tested in Table 7. 
There was a strong correlation between the pre and post-exercise stretch scores and the 
48 hour pain score. This may indicate that the participant’s flexibility score may have an 
effect on their level of DOMS. In Table 8 (PNF group), a correlation between the 
participant’s 48 hour pain score and the Pre-Post flexibility change is identified. Due the 
level of strain put on the muscles during a PNF stretch, a trained muscle may become 
more damaged after performing PNF stretching. This may especially be the case if an 
individual is not flexible or if the individual is not normally accustomed to PNF 
stretching.
26
1 able 7: Overall Correlations (N=57)
Pre­
exercise
stretch
score
Post -- 
exercise 
stretch 
Score
24 hour 
post­
exercise 
pain 
score
48 hour 
post­
exercise 
pain 
score
Pre-Post
flexibility
change
24 to 48 
hour 
pain 
score 
change
Pre-exercise 
stretch score
- r= r=.07 r= 29* r=-.I i r=-.24
Post - exercise 
stretch score
- r=. 07 r=. 33* r=.06 r=-.29
24 hour post­
exercise 
pain score
r=. 57 r=.00 r=.40
48 hour post­
exercise 
pain score
r~ 20 r==~.51
Pre-Post flexibility 
change
- 7; i hj
 
w
24 to 48 hour 
pain score change .... i
Key
PC: Pearson Correlation
*p<.05
**p<.()l
*^*p<.005
****p<.00l
2?
i able 8: FNF Group (11^ -19)
Pre-
exercise
stretch
score
Post -  
exercise 
stretch 
Score
24 hour 
post- 
exercise 
pain score
48 hour 
post­
exercise 
pain score
Pre-Post
flexibility
change
24 to 48 
hour pain 
score 
change
Pre-exercise 
stretch score
- p: 99  ^^ r=.03 r=.25 --.04 r=-.21
Post-exercise 
stretch score
- r=.13 r=.34 r= 10 1--.27
24 hour post­
exercise pain 
score
r=.52 r=. 32 r=.28
48 hour post­
exercise pain 
score
r=.61** r--.66 j
Pre-Post
flexibility
change
r=-.40 j
24 to 48 hour 
pain score change . ... .. - . ... . J
Kev
PC: Pearson Correlation
*p<.05
**p <.01
***p < 0 0 5
****p < .0 Ql
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fable 9: Static Group (n-20)
Pre­
exercise
stretch
score
Post -  
exercise 
stretch 
Score
24 hour 
post­
exercise 
pain 
score
48 hour 
post­
exercise 
pain 
score
Pre-Post
flexibility
change
24 to 48 
hour pain 
score 
change
Pre-exercise 
stretch score
- 1-.25 r=. 38 r=- 04 r=-.14
Post-exercise 
stretch score
- r=. 17 r=.33 r- 09 r=-.18
24 hour post­
exercise pain 
score
r-.59** r= .44
48 hour post- 
exercise pain 
score
r 32 r=-,45
Pre-Post
flexibility
change
r=-.30
24 to 48 hour 
pain score 
change
<ev
PC: Pearson Correlation 
*p<.05 
*><01 
**><.005 
***><.001
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I able !0: Control Group (n=18)
■ ■ - Pre­
exercise
stretch
score
Post -  
exercise 
stretch 
Score
24 hour 
post­
exercise 
pain score
48 hour 
post­
exercise 
pain score
Pre-Post
flexibility
change
24 to 48 
hour pain 
score 
change
Pre-exercise 
stretch score
- r= 97**** r=-.l 1 r=24 r=-. 23 r=-.40
Post-exercise 
stretch score
* 1 i © oo r=.29 r=-.01 R--.41
24 hour post­
exercise pain score
- r=. 61 r= 18 r=.48
48 hour post­
exercise pain score
- r=. 20 r=-.39
Pre-Post flexibility 
change
- r--,01
24 to 48 hour 
pain score change
-
Key
PC: Pearson Correlation
*p<.0.5
**p<.01
***p<.005
****p<.001
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CHAPTER IV
DISCUSSION
Discussion o f  Results
The results of this study did not support the premise that either PNF or static 
stretching post exercise significantly reduces DOMS. Previous research indicates that 
there is no plausible evidence that any type of stretching reduces DOMS although PNF 
had not been specifically tested (Hebert & de Noronha, 2009).
The correlations in the data suggested the possibility that the contraction phase of 
the PNF stretch may have placed a load on the already fatigued muscle group. Due to this 
load, the trained muscle may have become more damaged. Muscle defense mechanisms 
(e.g. muscle spindle and/or golgi tendon apparatus) may have been depressed allowing 
strain of the muscle.
Although the exact cause of DOMS is unknown, it has been suggested that 
DOMS is caused by micro tears (damage) in the muscle from unaccustomed eccentric 
exercises. Stretching muscle tissue is not believed to accelerate recovery of damaged 
muscles. It is important to know that not everyone suffers from DOMS after exercising. 
Traditionally, those who arc accustomed to doing specific related exercise are less F.kely 
to suffer from intense DOMS (McArdle. Katch, & Katch, 2007). Recommendations for 
avoiding DOMS include: concentric and isometric exercises, massage therapy, adapting 
the athlete to the DOMS inducing exercise, and rest (Hume, Cheung, Maxwell. &
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Weerapong, 2004). During the 1960’s and 1970‘s it was common to practice stretching 
before and/or after exercise to prevent soreness because during this period of time it was 
believed that DOMS was caused by spasms of the muscle. The spasms occurring in the 
muscle caused muscle contractions and muscle shortening. Stretching was taught to allow 
these muscles to elongate resulting in muscle elasticity (Udani, Singh, Singh, &
Sandoval, 2009).
Discussion o f  findings in the context o f  previous related research
In the review of literature, PNF stretching had not been tested as a possible 
mechanism to reduce DOMS. The majority of studies in the review of literature 
primarily focused on static stretching and its role on reducing DOMS. This study is the 
first to test PNF stretching and its relationship to DOMS. Initial research on the topic 
suggested that those who participate in static stretching after training achieve low levels 
of DOMS (Bobert, Hollander, & Huijing, 1986); Wessel and Wan (1994) tested pre and 
post-exercise a series of static stretches after inducing DOMS on the quadriceps muscles. 
The stretching routine performed before and after eccentric exercise in this study did not 
reduce DOMS. Lund, Vestergaard-Poulsen, and Kanstrup (1998) also performed a 
DOMS inducing exercise on the quadriceps muscles followed by a static stretch routine. 
In this study, static stretching also did not have any significant influence on reducing 
DOMS in study participants.
Hebert and de Noronha (2009) suggested that stretching no longer needs to be 
researched because there is overwhelming evidence that pre- or post-exercise stretching 
static or ballistic stretching does not reduce DOMS. The results of this study appear to
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concur with Hevert and de Noronha (2009); PNF stretching appears not to be beneficial 
to one trying to alleviate DOMS.
S tu d y  L im ita tio n s
Some limitations of this study should be noted. The first limitation would be the 
convenience sample that volunteered to participate. Participants were college students at 
the University of North Dakota and the majority of participants were relatively close in 
age. This sample is not necessarily an exact representation of people at different 
universities or with different age demographics. Another limitation of this study is the 
type of study design. A posttest-only control group design was used for practical reasons 
(e.g. mortality rates). Different study design types such as a cross-ever or pretest-posttest 
control group design :>uld be used to identify a longer time period participants are being 
tested. Another limitation involves the warm-up of the participants. Participants were 
allowed to choose how they warmed-up and for how long. Consistency lacks in this 
portion of the study. Participants should all do the same warm-up for the same period of 
time. Also, it may be suggested that participants perform a DOMS inducing exercise 
routine with more intensity. Performing 3 sets of seated leg curl may not be enough 
resistance training for one to achieve desired levels of DOMS.
Suggestions fo r  Future Research
This study may be the first to evaluate the effects of post-exercise PNF stretching 
on DOMS. Therefore, further research can be conducted in this area. It is suggested that 
participants have a wider age and body composition. Testing PNF stretching and DOMS 
may also be tested by using a type of study design that includes a longer participation
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time tor the participants. Future research should keep consistency on how participants 
warm-up. Finally, because the data collected in this study are new, the study should be 
duplicated in order to confirm the results were not a fluke.
Conclusions
Coaches should show concern for their athletes when they are suffering from 
DOMS. Athletes often are not physiologically and psychologically performing at their 
highest level when they are suffering from DOMS (Belini, Button, & Butt, 2001). Also, 
DOMS may be an indication that the training load on an athlete/exerciser was excessive 
for a variety of reasons. An athlete is more likely to become injured when suffering from 
DOMS due to the muscle tissue damage (Ekstrand, Gillquist, & Liljedah, 1983). It has 
been proposed that repeating sub-maximal bouts of exercise is not as effective as 
progressive training; however, fitness level of the individual being trained should be used 
as an indicator of how much to push (Chen, Chen, Lin, Wu, & Nosaka, 2010). Coaches 
should consider using the FIT principle where progressively train their athletes and 
slowly increase the time of the activity, intensity of the activity, and duration of the 
activity in order to avoid DOMS.
Excessive static stretching should be avoided as a warm up (Corbin & Lindsay, 
2005). The purpose of an active warm-up is to prevent injury, maintain current health 
status, enhance performance of the athlete(s), and to simulate competitive situations 
(Corbin & Lindsay, 2005). Warming-up also increases muscle temperature and body core 
temperature resulting in increased muscle elasticity, decreased tension at the joints, 
greater release of oxygen in the body, increased metabolic activity, increased nerve
34
conduction, increased thermoregulatory strain, increased oxygen consumption, increased 
blood flow with, and post activation muscle potential. Static stretching fails to increase 
the temperature of the muscle or the core temperature of the body. Stretching may 
increase muscle elasticity and tension at the joints; however, the increase in range of 
motion from stretching may decrease force production in the muscle due to the decrease 
tension in muscles. It is recommended that coaches prescribe activities for their athletes 
that aio of low intensity and increase the temperature of the muscles. The athlete can then 
benefit from warming-up. Static and PNF stretching may be recommended to cool down 
because the muscles are often warm from performing activities. This allows the muscle 
to have higher elasticity resulting in a better stretch. Stretching may also help release 
heat within the muscles. The primary benefit of stretching is to increase the elasticity of 
muscles and tendons resulting in decreased likelihood of injury.
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APPENDICES
Appendix A 
Pain Scale
Directions: Select the number which best indicates your current level of soreness.
1 Complete absence of soreness
2 Moderate pain felt only when touched/slight persistent pain
3 Light pain when walking up or down stairs
4 Light pain when walking on a flat surface/painful
5 Moderate pain, stiffness or weakness when walking/very painful
6 Severe pain that limits your ability to move/unbearably painful
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Appendix B
INFORMED CONSENT
TITLE: The Effects of Two Different Post-Exercise Stretching Modalities on Delayed Onset
t > ? j >
Muscular Soreness in Adults
PROJECT DIRECTOR: Ryan McGrath
PHONE H 651-895-7570
DEPARTMENT: Physical Education, Exercise Science, and Wellness
STATEMENT OF RESEARCH
A person who is to participate in the research must give his or her informed consent to such 
participation. This consent must be based on an understanding of the nature and risks of the 
research. This document provides information that is important for this understanding. Research 
projects include only subjects who choose to take part. Please take your time in making your 
decision as to whether to participate. If you have questions at any time, please ask.
WHAT IS THE PURPOSE OF THIS STUDY?
You are invited to be in a research study about the effects of stretching on delayed onset 
muscular soreness (DOMS) because you fit the criteria for the study.
The purpose of this research study is to identify if some types of post-exercise stretching have 
the capability to reduce the typical delayed onset muscular soreness (DOMS) that occurs after 
unaccustomed resistance exercise. It is important to look at different ways to lower DOMS 
because, for some DOMS is a barrier to participation in healthful exercise.
HOW MANY PEOPLE WILL PARTICIPATE?
The goal is to recruit a total of 50-70 people. Students at the University of North Dakota and 
Jamestown College have been invited to participate.
HOW LONG WILL I BE IN THIS STUDY?
Your total participation in the study will last about 48 hours
University of North Dakota
Institutional Review Board ° * ,e-
Approved on oct 5, a r c ,  '
Expires on oct *  201c
W H A T  W IL L  H A PPE N  D U R IN G  TH IS STU D Y ?
The study will proceed as follows:
• After a brief cxpanation of the study you will be invited to complete this consent form 
arid a Physical Activity Readiness Questionnaire (PAR-Q). The PAR-Q is a brief 
questionnaire that screens individuals for their readiness to exercise.
• If you agree to participate and are cleared by the PAR-Q, the next stage will be a brief 5- 
10 minute warm up consisting of simple calisthenics and jogging.
• Next will be a sit-and-reach stretch test which will measure the flexibility' of the 
hamstring and lower back muscles.
• Following the sit-and-reach stretch test, you will be asked to do .1 sets of seated leg curl 
as follows: first set will use a nominal we;ght to familiarize you with the exercise, and 
enable judgment of subsequent resistance will be used. The second arid third sets will 
utilize a resistance that should allow you to complete 8-15 repetitions. In each set you 
will be asked to lift the weight quickly but lower the weight more slowly ova a 5-second 
time count.
• Immediately after the sit-and-reach you will cither be guided through some stretching 
exercises, or be informed the physical part of the procedures is over, this will be 
predetermined randomly so that the researchers can see if stretching makes a difference 
to any post-excrcise soreness that may occur.
» Finally, you will be given instructions on how to complete the brief muscle soreness 
questionnaire using the internet 24, and 48 hours after the exercises are completed.
WHAT ARE THE RISKS OF THE STUDY?
You may experience the typical sorenesr in the hamstring muscles that occurs after 
unaccustomed resistance exercise. This soreness typically lasts about 48 hours post-training. 
During exercise, you may experience slight discomfort from cxctcistng. You may also 
experience cramping or muscle pulls in rare occurrences.
WHAT ARE THE BENEFITS OF THIS STUDY?
You may not benefit personally from being in this study. However, in the future, other people 
might benefit from this study because those who do exercise may use the principles in this study 
to reduce DOMS in their exercise routine.
WILL IT COST ME ANYTHING TO BE IN THIS STUDY? 
You will not incur any costs for being in this research study.
University o ' Nort/i Dakota
Institutional Review Board w D*WL~
Approved on qct 5 1^ , 1,
Expires on qct 4 two ,
W IL L  I BF. PAID FO R PA R T IC IPA TIN G ?
You will not be paid for being in this research study.
CONFIDENTIALITY
The data will be kept private to the extent permitted by law. In any report about this study that 
might be published, you will not be identified. Your study record may be reviewed by 
Government agencies, the University of North Dakota Institutional Review Board, Jamestown 
College Institutional Review Board, James Whitehead (advisor of researcher), Dennis Caine 
(Physical Education, Exercise Science, and Wellness department chair) or Ryan McGrath 
(principal investigator).
Any information that is obtained in this study and that can be identified with you will remain 
confidential and will be disclosed only with your permission or as required by law. 
Confidentiality will be maintained by means of keeping all consent fontis and data in sq>arate 
folders which will be locked in a file cabinet located in the Physical Education, Exercise Science, 
and Wellness (PXW) department at the University of North Dakota. You will be randomly 
assigned a number when you sign up for the study that will be kept confidential so the privacy of 
your name can be kept private. You and your data will be referred to as a number, not a name.
If we write a report or article about this study, we will describe the study results in a summarized 
manna so that you cannot be identified.
COMPENSATION FOR INJURY
In the event that this research activity results in an injury, treatment will be available including 
first aid, emergency treatment and follow-up care as needed. Payment for any such treatment is 
to be provided by you (you will be billed) or your third-party payer, if any (such as health 
insurance, Medicare, etc.) No funds have been set aside to compensate you in the event of injury 
In addition, the study staff cannot be responsible if you knowingly and willingly disregard the 
directions they give you
IS THIS STUDY VOLUNTARY?
Your participation is voluntary. You may choose not to participate or you may discontinue your 
participation at any time without penalty or loss of benefits to which you arc otherwise entitled 
Your decision whether or not to participate will not affect your curr ent or future relations with 
the University of North Dakota or Jamestown College You can decline this study at any time 
and you will not be contacted again about the study again.
If you decide o leave the study early, wc ask that you notify the researcher via e-mail or phone.
University of North Dakota
Institutional Review Board 40
Approved on m  5 m  ....
Expires on S S L , 4 .M ___ _
S u b je c t In itia l*
You will be informed by the research investigator of this study of any significant new findings 
that develop during the study which may influence your willingness to continue to participate in 
the study.
CONTACTS AND QUESTIONS?
The researcher conducting this study Ryan McGrath. You may ask any questions you have now. 
If you later have questions, concerns, or complaints about the research please contact Ryan 
McGrath at 651-895*7570 or by e-mail at ryan.mcgrath@und.nodak.edu anytime. James 
Whitehead (principal investigator’s advisor) may be contacted by phone at 701-777-4347 or by 
e-miail at janies.whitehead@und.nodak.edu.
If you have questions regarding your rights as a research subject, or if you have any concerns or 
complaints about the research, you may contact the University of North Dakota institutional 
Review Board at (701) 777-4279 or the Jamestown College Institutional Review Board at (701) 
252-3467 ext 2582. Please call these numbers if you cannot reach research staff, oi you wish to 
talk: with someone else.
Your signature indicates that this research study has been explained to you, that your questions 
have been anw.ered, and that you agree to take part in this study. You will receive a copy of this 
form.
Subjects Name:
Signature of Subject Date
University of North Dakota 
Institutional Review Board 
Approved on oct 5 M
Expires on ...........5SL U Q H L
41 D a w __
Subject Initiate:
Appendix C
Physical Act/vsty Readiness 
Quesi'OAfwe - PAR-Q 
treused IOC2)
(A  Q u e stio n n a ire  fo r P e o p le  A g e d  15 to  6 9 )
Reguiar physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most 
people. However, some people should check with their doctor before they start becoming much more physically active.
If you are planning to become much more physically active than you are now. start by answering the seven questions in the box below, I) you are between the 
ages of 15 and 69, the PAR-Q wiR tell you if you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being 
very active, check with, your doctor
Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NO.
YES NO
□ □ 1.
□ □ 2.
□ □ 3.
□ □ 4.
□ □ 5.
□ □ 6.
□ □ 7.
Max your doctor aver said that yoa have a heart condition and that you should only do physical activity 
recommended by a doctor?
Do you lea l pain iu your (hast when you do physical activity?
In the past month, have you had chest pain when you were not doing physical activity?
Do you lose your balance because of dizziness or do you ever lose consciousuess?
Do you have a hone or Joint problem (for example, back, knee or hip) that could be made worse by a 
change in your physical activity?
Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
I f
you
answered
ditlon?
Do you know of any other reason why you should not do physical activity?
Y E S  t o  o n e  o r  m o r e  q u e s t i o n s  ’ : y t ■ ' ■ ■' ]
Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have 
your doctor about the RAR-Q and which questions you answered YES.
a fitness appraisal, Teil
• You may be able to do any activity you want —  as long as you start slowly and build up gradually Or. you may need to restrict your activities to 
those which are safe lor you. Talk with your doctor about the kinds of activities you wish to participate In and fellow his/her advice.
j • Find out which community programs are safe and helpful tor you
_______I
N O  t o  a l l  q u e s t i o n s  N . ■
If you answered NO honestly to £0 PA3-Q questions, you can be reasonably sure that you can:
• start becoming much more physkalty active -  begin slowly and build up gradually. This is the 
safest and easiest way to go
• take part in a times* aopraisal -  this is an excellent way to determine your basic fitness so 
that you can plan the best way lor you to live actively It is also highly recommended that you 
have your blood pressure evaluated. If your reading is over 144/94, talk whh your doctor 
before you start becoming much more physically active.
DELAY BECOMING NtrCH HOWE ACTIVE:
• il you are not leeling well because ol a temporary illness such as 
a cold or a (ever -  wait until you teel better; or
• i( you are or may be pregnant -  talk to your doctor before you 
start becoming more active.
PLEASE NOTE: If your health changes so that you then answer YES to 
any ol the above questions, tell your fitness or health professional. 
Ask whether you should change your physical activity plan.
the Canadian Soonty tor Exercise Phyuology Health Canada, and (heir agents assume no liability tor persons who undertake physical actnity xnd it to doubt aker cwnptottwj 
thu ip«t«v>a<re, consult your doctor prior to physical act-wry
No ckangns perm itted. You a rt encouraged to  photocopy the PAR-Q bet o i ly  if  you u e  the entire form .
NOTE (I rhe MR-0 >s being -wen to a person before tie or she participates m a physical activity program or a fitness appraisal, this section may be used tor lepnl or adimrastratiw purpose!
’ I have read, understood and completed this questionnaire. Any questions I had were answered to my full satisfaction *
NXHt ___ ___________________________________  _____________
SKNXtURt _____________________________________________ __________ _ _ _ _ _ ______________ _ CiA'L____ ______________ __________________________________
.............. ............................... ...........................................................witness _ _________________ _SxwuiAE or pxatnt ____________________
o r  dor .jM ^ r v y
csigir^
Note: Tbit physical activity cUarawca i« valid Cor a maximum ol t i  mouths from the date K is completed am i  '■ 
fcxcomei la valid H yocit condition ckaugas so that you would answer YES to any of the seven questions
W  I €> €***$»*« Society for Emtie f**vQlcgy Suppor led by: M Health Santrb C a n a d a  C a n a d a continued on other side.
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COftt-riued f'Om Other vCC
Physical Actively Readiness 
Questionnaire - PAft-Q 
(revised v002)
4) O i o u i  •  v f t r i t t y  o f
Physical Activity Guide
w t lv l t l * *  f ro m  t h « u  
t h r e e  g ra ta  p a :
S u i t in g  vlowly 1* very
t e l e  fo r m o i l  p r o p l t .  
Hot ww? (o n u tt your
h e e l th  prut«»r*OA *t.
t o t  i  copy  o f the  
Ci, id* Handbook end 
m ore in fo rm  etfun:
or
M rw .pagu<f«.(O M
Citing welt fi eUo 
Im po rtan t, fo llo w  
Canodo t fo o t/ Curd*
to Hoolthy t'atuig to 
make wi*« food ihoket.
(in erttve your way - 
bu'W bby\»cdl ictmty 
into your da>ty life
• at home 
- at ichoot
• at work
• at play
• on tht> way
>...thatt
active Ir/wq!
P hys ica l a c t iv ity  im p roves hea lth .
tvery b«t counts, liul "»ore is even 
better - everyone can do n*
Get Active Your Way, Every Day-For Life!
Scientists say accumulaie GO minutes ot physteftf activity 
every oay so stay healthy or improve your health. As 
you progress to moderate activities you can cut down so 
30 minutes, * days a week *<id-up your activities in periods 
ot at least to  minutes each. Stan siowty and buto up.
Time needed depends on effort
t ig h t  fcTfwt Med e re te  IW ert V4^or«.u» fffwrt
■ .trbo-.Can JtoMt ~ Getting startwf »s
Physicai activity <ta*si t have to be vary h u d  SuiW physrcal 
activities mto your oaily routine.
• W«!k whone\*ar you c an -g e t 
oft the bus early, use the stairs 
instead ol the elevator
• Reduce Inactivity for long 
periods. Mke watching TV.
• Got up from the couch and 
stretch and band tor a tew 
minuet every hour
• Play actively with your kids
• Choose to we*, wheel or 
cycle for short Pips,
• Start with a to  minute walk- 
pradualty increase the tsne.
• Fod out about walking iwvt 
cycling paths nearby and
UM them.
• Observe a physical activity 
das# to sea it you want to try it
• Try one dess to «l*t -  you don t 
have to make a tong-term 
commitment.
■ Do the activities you are do mg 
now mot* often
Bchpfiti o f  logulat atbviiy; : ■. I f : m | U  '
• better t>e«Hn• improved Mm
• better K -«vr» «mS bekence
• boner
• weight oonirolirwv* mueciwe wwl tvirwe• l«WV>s rmjf* wwrotSC• re* natron end reduced »t*eee ttrntmued independent m 
b w  *fe
• p i w e j o  deers• hwn ewn
• wooa fwwMW*
■ «MUmaai atefcedeu
■ etrvhe
- defcreetton
■ coton ewew
1 * 1
t-Wdffh Swva
Canada Canada
Cenedten Sootty tor
Irt't** *y»kolo$y
Source: Canada's Physical Activity Guide to Healthy Active Living. Health Canada. 1998 J 
© Reproduced with permission from the Minister of Public Works and Government Services Canada, 2002.
FITNESS AHO HEALTH PROFESSIONALS MAT RE INTERESTED IN THE INFORMATION BELOW:
The following companion forms are available lor doctors' use by contacting the Canadian Society for F.xercise Physiology (address below):
The Physical Activity Readiness Medical Esamlaattoa (PARne,d-X) -  to be used by doctors with people who answer YES to one or
questions on the PAR-Q.
■nore
The Physical Activity Readiness Medical Elimination for Pregnancy (PARwad-X for Preyaancy) -  to be used by doctors with pregnant
patients who wish to become more active.
References:
Arraix. 6  A ,  Wigle, D.T., Mao. Y (1992). Risk Assessment of Physical Activity and Physical Fitness in the Canada Health Sur vey
Follow-Up Study f. Clin. Epidemiol. 45:4 419-428.
Moitola, M , Wolfe. L A (1994). Active Living and Pregnancy. In: A. Quinney, L. Gauvin, T, Wall (eds ). Toward Active Living: Proceedings of Sh e  tetornafioitx!
Conference on Physiol Activity, Fitness and Health Champaign. !L: Human Kinetics 
PAR-Q Validation Report. British Columbia Ministry ol Health. 1978.
Thomas. 5.. Reading,!.. Shephard, R.i. (1992). Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Caa. f. Spt. Scl, 17:4 338- 345.
For more information, please contact me-
Canadian Society for Exercse Physiology 
202-185 Somerset Street West 
Ottawa. ON K2ROI2
let 1.877.651-1755 • FAX (613) 234-356S
The original PAR-Q was developed by the British Columbia Ministry o* Health, It has 
been revised by an Expert Advisory Committee ol the Canadian Society lot Exercise 
Physiology chaired by Or. N. GiedhUi (2002).
O'sponible en fran^ais sbus le litre «Que$lionnaire sur I'aptttudc 3 1'aclivM physique 
- Q-AAP (revise 2002)>
Online’ vrwwcxepca
<& i aruiJvn S eedy  for Exercse Phyjiciegy Supported by 8 * 8 H ea lth  SantO  C a n a d a  C a n a d a
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•ct Copies of the attached consent form with the IRB approval stamp dated __Oct.oher 5, ?nnQ______
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□ Copies of the attached consent form with the IRB approval stamp dated-------------------------------
must be usad fn obtaining consent for this study.
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q  Disapproved clnim of exemption. This project requires Expedited or Full Board review. The Human Subjects 
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